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Abstract
Mertell, Miriah Shiloh. MS. The University of Memphis. August 2012.
Conditioning channel catfish fingerlings Ictalurus punctatus to acute low-water
stress and comparison of metomidate and MS-222 in modulating the short-term
stress response. Major professor: Dr. Bill A. Simco
The efficacy of the anesthetics Metomidate and MS-222 to modulate the
cortisol response of channel catfish during a 10 min confinement stress was
compared, in preparation for evaluating whether or not previous conditioning
increases resistance to Edwardsiella ictaluri. Fingerlings anesthetized in
Metomidate maintained baseline levels of cortisol concentrations throughout the
study (P < 0.05), whereas levels increased correspondingly in fish anesthetized
in MS-222 and controls. Metomidate is useful for long periods of anesthetization,
but MS-222 suppressed cortisol secretion for only the first 5 min of sedation.
During the conditioning study, the cortisol response among disturbed fingerlings
decreased over time, indicating conditioning occurred. However, cortisol
concentrations of conditioned fingerlings increased when subjected to a disease
challenge, although their response was significantly lower compared to
unconditioned controls. This indicates a possible advantage in conditioning fish,
although differential susceptibility to a disease challenge has not yet been
demonstrated.
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Preface
The goal of this research was to examine the effects of conditioning on the
stress response of channel catfish fingerlings Ictalurus punctatus subjected to
acute low-water stress. Additionally, channel fingerlings were challenged with
Edwarsiella ictaluri to determine if prior conditioning to an acute stress reduced
the incidence of bacterial infection. Channel catfish were chosen because of
their economic value to the Southeastern United States, and E. ictaluri was
selected as an infectious agent because of the cost to the industry associated
with that bacterium. All chapters have been formatted according to the
guidelines established by the American Fisheries Society. All figures and texts
are listed in Appendices at the end of the text: the Figure and Table for chapter 2
are located in Appendix A, and the Figures and Tables for chapter 3 are located
in Appendix B. Appendix C is a copy of the IACUC Protocol Action Form #0694.
Chapters 2 and 3 of this thesis, in all or in part, will be submitted as two separate
articles to the North American Journal of Aquaculture, established in 1934 as The
Progressive Fish-Culturist, which is a publication that is part of the American
Fisheries Society (AFS). Appendix D is a copy of an e-mail from AFS stating that
publishing this thesis online, open access, in the University of Memphis
Electronic Thesis & Dissertation (ETD) Repository, is not considered prior
publication.
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Chapter 1—Introduction
The United States catfish industry—a $423 million dollar industry located
primarily in the Southeastern United States (NASS 2012)—has exhibited an
economic decline in the past several years. Major factors that have contributed
to this economic decline are imports of catfish from foreign countries, rising cost
of corn and soybeans which are major ingredients in catfish food, and the U.S.
economic recession. Consumers have turned to less-expensive fish, such as
Tilapia, for food, which has impacted catfish production in the U.S. (Hansen and
Sites 2012). Thus, researchers need to address ways to improve husbandry and
reduce production costs in the catfish industry.
The overall objective of this research was to subject channel catfish
fingerlings Ictalurus punctatus to a repetitive acute low-water stress to examine if
fish could be conditioned to stress. Subsequently, it was determined whether or
not previously conditioned fish had an increased resistance when challenged
with Edwardsiella ictaluri, a gram-negative bacterium and the causative agent of
enteric septicemia of catfish (ESC) (Hawke et al. 1998)— a disease that causes
great economic loss to catfish producers in the Southeastern United States
(Bilodeau-Bourgeois et al. 2007).
Physiological stress and injury to fish are primary reasons for diseases in
food fish, such as channel catfish (Rottmann et al. 1992), and can adversely
affect feeding (Simco and Cross 1966), growth (Pickering 1993), reproduction
(Donaldson 1990), and performance (Schreck 1990). Stressors in fish activate a
General Adaptation Syndrome (GAS) that consists of three stages: (1) the alarm
reaction, (2) the stage of adaption and resistance, and (3) the stage of
1

exhaustion (Selye 1978). Cortisol, the principle corticosteroid in channel catfish
and other teleosts, is secreted by the hypothalamus in the primary (alarm) phase
and is an effector of the stress response because exogenous cortisol added to
fish diets activates the GAS response—even in the absence of stress—and
increases susceptibility to disease (Davis et. al 2003).
In order to accurately depict the changes in the cortisol response among
conditioned treatments and unconditioned controls, an anesthetic which inhibited
cortisol secretion by fish during sedation needed to be used when sampling.
Therefore, the efficacy of metomidate hydrochloride and MS-222 (two commonly
used aquatic anesthetics) in modulating the stress response of channel catfish
during an acute 10 min confinement stress is compared in chapter two.
Metomidate was predicted to modulate the cortisol response, as previous work
(Olsen et al. 1995; Small 2003; Davis and Small 2006) has indicated. Affirmation
that the observed cortisol levels among treatments were a result of conditioning
(or lack thereof) and not due to changes during sedation was necessary.
In chapter three (the main body of this thesis) experiments were designed
to evaluate first: if repetitive disturbance of fingerlings would modulate their
cortisol response to low-water stress; and second: if fingerlings conditioned to
stress prior to being challenged with E. ictaluri would have reduced susceptibility
to ESC compared to un-conditioned controls. The prediction was that the cortisol
response of channel catfish fingerlings would be modulated by the stressor, as
previous data (Schreck et al. 1995; Booth and Peterson 2009) have suggested
that fish can be conditioned. However, since stress is inherently associated with
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aquaculture practices, and because increased stress has been shown to
exacerbate the likelihood of disease, two outcomes were possible: (1),
conditioning the fingerlings would modulate the cortisol response, which normally
would act to suppress the immune response, leading to higher survival; or, (2),
the fingerlings would not able to be conditioned to stress and therefore an
increased cortisol stress response would lead to an increased susceptibility to
disease.
In chapter two, the assumptions about metomidate were accurate; the
cortisol response was modulated throughout the entirety of the sampling period.
Interestingly, there was also an intermediate modulation of the cortisol response
by MS-222, leading to the conclusion that as long as blood samples are taken
within the first 5 min of sedation, cortisol samples that are taken using MS-222 as
the anesthetic are valid.
For chapter three, a reduction in the cortisol response (which lasted 1
week after a rest period) of fish repeatedly subjected to low water stress
indicated fish were conditioned to the stressor. However, modulation of the
cortisol response was not maintained when fish were subjected to a different type
of stress—the disease challenge inoculation with E. ictaluri. Disease challenges
failed to produce a significant number of mortalities in any treatment group (7.3 9.1%). Nonetheless, because the cortisol response in fingerlings, which were
pre-conditioned to the low-water stress, demonstrated significantly lower cortisol
responses to the inoculation compared to controls, one could postulate that
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differential results may have been obtained, if a more rigorous disease challenge
had been applied.
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Chapter 2—Efficacy of metomidate and MS-222 to modulate the short-term
cortisol stress response in channel catfish Ictalurus punctatus.
Abstract
The efficacy of metomidate hydrochloride and MS-222 as anesthetics was
evaluated in modulating the cortisol response of channel catfish Ictalurus
punctatus during a 10 min confinement stress. Channel catfish (11.86 ± 0.45 g;
mean ± SE) were exposed to 12.5 ppm metomidate or 100 ppm MS-222 for 10
min while confined in buckets containing 2 L of aerated tank water, and their
plasma cortisol response was compared to the response of fish that were
confined but not anesthetized. Cortisol levels of channel catfish anesthetized in
metomidate remained at baseline levels throughout the 10 min exposure (P <
0.05), whereas cortisol concentrations in fish anesthetized in MS-222 and nonanesthetized fish peaked approximately seven and twenty-two fold higher (P <
0.05), respectively, than their baseline levels. However, the response of fish
anesthetized in MS-222 did not significantly differ from baselines until 6 min of
exposure (P = 0.02). These results suggest that MS-222 is an adequate
anesthetic to use in the first 5 min of sedation and that metomidate is a useful
anesthetic for longer periods of time.

6

Introduction
Anesthetics are beneficial to the aquaculture industry and helpful in
research (Carmichael 1984; Coyle et al. 2004) because they provide a rapid
induction to and recovery from sedation and avoid the consequences of inducing
the stress response (Summerfelt and Smith 1990) and the potential long-term
effects it can have on the immune system. Although many anesthetics have
been used to sedate nonfood and research fish, tricaine methanesulfonate (MS222) is currently the only compound approved for use in fish raised for food in the
U.S. (Summerfelt and Smith 1990; Coyle et al. 2004). Using MS-222 in stress
studies is problematic, however, as plasma cortisol levels may continue to rise
even after fish are anesthetized (Olsen et al. 1995; Davis and Small 2006).
Metomidate [DL-1-(1-phenyl-ethyl-)-5-(metoxycarbonyl) imidazole hydrochloride],
marketed as a fish anesthetic under the trade name Marinil (Small 2003) and
Aquacalm, is a "rapid- acting nonbarbituate hypnotic" (Small 2003) that inhibits
cortisol synthesis during anesthesia, unlike MS-222 (Davis and Small 2006), and
may be a better anesthetic for use in studies related to the stress response.
Metomidate is thought to inhibit cortisol secretion via blockage at the interrenal
cell level (Thomas and Robertson 1991). Exogenous adrenocorticotrophic
hormone (ACTH) injected intraperitoneally into Atlantic salmon Salmo salar did
not evoke a cortisol response in fish anesthetized with metomidate, but did in fish
anesthetized with MS-222 (Olsen et al. 1995).
Small (2003) observed that metomidate was an efficacious anesthetic in
channel catfish with rapid induction time of 3 min using 6 ppm metomidate. He

7

further reported that metomidate suppressed the plasma cortisol response at 10,
20, and 30 min of sedation, whereas cortisol levels increased in fish anesthetized
with MS-222. Scientists and other personnel attempt to sample fish as rapidly as
possible to avoid complications of the stress response and for consistency in
experimental protocol; thus sampling of fish often occurs within the first 10 min of
sedation. It is important to evaluate the effectiveness of anesthetics to suppress
the cortisol response during this initial 10 min interval. As such, this study
compared plasma cortisol concentrations every minute for 10 min after channel
catfish fingerlings reached stage three sedation—characterized by total loss of
equilibrium and cessation of locomotion (Small 2003)—using metomidate or MS222, or in non-anesthetized controls.
Materials and Methods
Fish
Channel catfish fingerlings from pooled industry spawns were reared at
the USDA Catfish Genetics Research Unit, Stoneville, MS. Fingerlings were
grown to an average of 4 g and transported to The University of Memphis,
Memphis, TN where they were stocked into holding tanks in recirculating
systems until used in experiments. Fish were fed 1/16th inch (~0.16 cm) floating
catfish pellet food (Rangen Inc., Buhl, ID; EXTR 450) once daily to satiation and
fasted 1 d prior to sampling. Satisfactory water quality was maintained as
detailed by Boyd (1979).
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Anesthetics
Metomidate hydrochloride and tricaine methanesulphonate were acquired
from Becton, Dickinson and Company (Sparks, MD). Fish were anesthetized
with either 12.5 ppm metomidate or 100 ppm MS-222 and reached stage three
sedation in less than 90 s in metomidate and less than 2 min in MS-222.
Sampling protocol
Three rounds of sampling were conducted to accommodate the three
treatments (metomidate, MS-222 and non-anesthetized control). In each round,
11 fish were rapidly netted from each of three separate holding tanks and placed
into triplicate buckets containing 2 L of aerated tank water and either
metomidate, MS-222 or no anesthetic. Heparinized microcapillary tubes were
used to obtain blood from the caudal peduncle of one fish per bucket at time zero
when they first reached stage three sedation. Blood from remaining fish in each
bucket was acquired in the same method at intervals of 1 min for 10 min. Thus,
blood was obtained from three fish at 11 sample periods for each of the three
treatments. Each microcapillary tube containing blood was centrifuged, and the
plasma from each fish was transferred to plastic microfuge tubes and frozen until
cortisol analysis.
Measured parameters
Length, weight, and condition (Moyle and Cech 2004) were determined on
10 fish from each holding tank, and hematocrits were determined on each blood
sample. Weight, length, and condition (average ± SE; n = 90) of fingerlings used
for the study were as follows: 11.86 ± 0.45 g, 11.79 ± 0.15 cm, and K = 0.70 ±
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0.01. Hematocrits of channel catfish sampled for cortisol analysis were nominal
(Wedemeyer et al. 1990), 28.67 ± 0.32 (average ± SE; n = 97).
Cortisol analysis
Frozen plasma samples were transported from the University of Memphis,
Memphis, TN to the Catfish Genetics Research Unit, Stoneville, MS where
cortisol analysis was performed. Plasma cortisol concentrations were
determined by radioimmunoassay following the procedure of Davis et al. (2002).
Statistical analyses
A two-way ANOVA was used to determine the differences in plasma
cortisol concentrations (ng/mL) among the channel catfish anesthetized in either
metomidate or MS-222 and in non-anesthetized control groups. Several
investigators (Davis et al. 1982; Small 2003) have tested the relationship of
cortisol concentration in fish exposed to various anesthetics and found the
variances to be homogenous; however, in the present study Levene's test of
homogeneity of variance was not tested due to the small sample sizes.
Bonferroni pairwise contrasts were used to identify significant differences at the
5% level between anesthetics at different time points and across time for each
anesthetic. A Pearson Correlation test was further used to determine the
associations of cortisol responses over time for each anesthetic group as well as
for the non-anesthetized controls. All analyses were performed using the PASW
software system version 18 (IBM corporation, Armark, NY, USA). All graphs
were made using Sigmaplot version 12.0 (Systat Software incorporated, San
Jose, CA, USA).
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Results
Non-anesthetized fish and fish anesthetized in MS-222 demonstrated
highly significant positive correlations of the plasma cortisol response over time
(P < 0.0001; r = 0.71 and 0.77, respectively) and a negative correlation of the
plasma cortisol response over time for fish anesthetized in metomidate (P =
0.008; r = -0.46). Plasma cortisol levels at time zero were similar regardless of
treatment group and continued to be similar through 3 min of sedation (Figure
2.1). By 4 min of sedation, plasma cortisol levels were significantly higher (P =
0.001) in non-anesthetized fish compared to fish anesthetized in metomidate or
MS-222, and cortisol levels in non-anesthetized fish remained significantly
higher than those in fish anesthetized with metomidate for the remainder of the
study. Additionally, approximately half of the time the cortisol levels in nonanesthetized fish were also significantly higher than cortisol levels in fish
anesthetized in MS-222. Finally, the plasma cortisol response in fish
anesthetized in metomidate was rapidly suppressed and did not change across
the 10 min sampling period (P = 0.44), whereas cortisol concentrations did differ
significantly (P < 0.0001) across the period for both non-anesthetized fish and
fish anesthetized in MS-222 (Table 2.1).
Discussion
During the initial 11 minute period after netting, the anesthetics used
influenced plasma cortisol levels in channel catfish fingerlings. Metomidate
inhibited the cortisol response and maintained baseline concentrations
throughout the sampling period. The inhibitory action of metomidate on the
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cortisol response in the present study agrees with the findings of Thomas and
Robertson (1991), Olsen et al. (1995), and Small (2003). In contrast, the cortisol
response of channel catfish anesthetized in MS-222 and non-anesthetized
channel catfish increased over time (approximately seven fold and twenty-two
fold, respectively). This is congruent with Small's findings in 2003, where an
approximately sevenfold increase for fish anesthetized in MS-222 was also
observed at 10 min of sedation. The cortisol response dipped slightly from 0 to
10 min in the channel catfish anesthetized in metomidate, probably due to the
combination of metomidate inhibiting release of cortisol from interrenal cells and
from its subsequent clearance from the blood (Donaldson 1981; Thomas and
Robertson 1991; Olsen et al. 1995; Mommsen et. al 1999). Although cortisol
concentrations in fish anesthetized in MS-222 were consistently higher than in
fish anesthetized with metomidate, the present study failed to distinguish
significant differences between those treatment groups, perhaps due to small
samples sizes or to the intermediate cortisol response (absence of full cortisol
suppression) of the MS-222 treated fish. This is contrary to Small's findings
(2003) that cortisol levels in channel catfish anesthetized in metomidate were
significantly lower after 10 min compared to those of channel catfish anesthetized
in MS-222. Most notably though, both studies clearly demonstrate that
metomidate inhibits cortisol secretion, whereas MS-222 may only dampen the
cortisol response compared to non-anesthetized fish. However, because it took
6 min to observe a difference between fish anesthetized in MS-222 and baseline
cortisol samples (P = 0.02), prior studies that used MS-222 to anesthetize fish
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before samples were taken are valid, as long as the samples were taken within
the first 5 min of sedation. Therefore, MS-222 modulates the cortisol response
within the first 5 min of sedation, and metomidate is an effective anesthetic to use
for an extended period of time.
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Chapter 3—Conditioning channel catfish fingerlings Ictalurus punctatus to acute
low-water stress.
Abstract
The cortisol response of channel catfish Ictalurus punctatus fingerlings
was evaluated to determine if the stress response of fish could be conditioned to
a repetitive, low-water stress. Subsequently, fingerlings were subjected to a
challenge with Edwardsiella ictaluri to determine if pre-conditioning would
increase resistance to enteric septicemia of catfish (ESC). The cortisol response
among experimental fingerlings was highest on the first day of disturbance and
decreased over time, indicating fish were conditioned to the stressor. However,
when subjected to a disease challenge, cortisol responses of conditioned
fingerlings were not modulated, although previously conditioned fingerlings did
have a significantly lower cortisol response to the disease challenge compared
to the unconditioned controls. This observation indicates a possible advantage in
conditioning fish to an acute low-water stress, although differential susceptibility
to the disease challenge was not demonstrated.
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Introduction
The US $423 million dollar (NASS 2012) catfish production industry is
concentrated in the southeastern region of the United States and uses intensive
culture practices that subject catfish to atypical amounts of stress. Physiological
stress and injury to fish are primary reasons for an increased outbreak of
diseases in food fish, such as channel catfish (Rottmann et al. 1992), and can
adversely affect feeding (Simco and Cross 1966), growth (Pickering 1993),
reproduction (Donaldson 1990), and performance (Schreck 1990). Further
research in alleviation of stress is critically important to commercial aquaculture.
Stressors in fish activate a General Adaptation Syndrome (GAS) that
consists of three stages: (1) the alarm reaction, (2) the stage of adaption and
resistance, and (3) the stage of exhaustion (Selye 1978). The alarm stage
(primary stress response) is predominantly composed of increases in hormones
such as epinephrine and cortisol secreted by two elements of the neuroendocrine
system, the adrenergic nervous system and the hypothalamic- pituitary-interrenal
(HPI) axis. These hormones act together to switch the metabolism of the fish
from an anabolic to a catabolic state (Pickering 1993; Tripathi and Verma 2003),
causing secondary responses (e.g. elevated blood glucose, increased respiration
rate and blood flow to the gills) and increased oxygen affinity of the erythrocytes
(Pickering 1993; Iwama et al. 2004; Helfman et al. 2009)--which attempt to reestablish homeostasis (Schreck 1996; Wendelaar Bonga 1997). This
reallocation of energy resources ordinarily used for growth and reproduction is
known as the adaption phase (Selye 1978) and can be advantageous, where
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bursts of energy can assist the animal to tolerate adverse conditions (Pickering
1993; Demers and Bayne 1997). However, should the stressor persist, tertiary
stress responses may negatively affect the fish at the whole-animal level, such
as decreasing growth rate, condition factor, reproduction, and swimming stamina
(Iwama et al. 2004; Helfman et al. 2009), resulting in an exhaustion phase and
the eventual death of the fish (Selye 1978).
Cortisol, the principle corticosteroid in channel catfish and other teleosts,
is an effector of the stress response. Exogenous cortisol added to fish diets
activates the GAS response even in the absence of stress and increases
susceptibility to disease (Davis et. al 2003). Cortisol further plays a dual role
exerting a "nongenomic effect on glycogen metabolism and gluconeogenesis in
fish" (Mommsen et al. 1999). Because it is lipid-soluble, cortisol can enter cells
through passive diffusion or through a low-affinity carrier protein and affect fish
metabolism in both a fast, nongenomic way and in a slower, genomic manner,
(Mommsen et al. 1999). Cortisol has also been demonstrated to maintain other
"housekeeping" roles in fish, such as influencing gene expression and regulation,
protein turnover, amino acid metabolism, osmoregulation, increasing enzyme
activity, and decreasing growth rates (Mommsen et al. 1999).
Most paramount to the present study, though, is the steroid’s effect on the
immune system. Cortisol has a dualistic action on lysosomes, stabilizing them at
low concentrations while denaturing their membranes at higher concentrations,
leading to a loss of membrane stability and resulting in lysis (Lewis et al. 1970).
The hormone can alter leukocyte distributions—directly or indirectly resulting in
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lymphopenia, monocytopenia, and neutrophilia—as well as reduce
concentrations of antibody-producing cells and IgM antibody (Wedemeyer et al.
1990; Schreck et al. 1996). Additionally, cortisol suppresses the inflammatory
response (Wedemeyer et al. 1990). Therefore, increases in cortisol
concentrations, whether exogenously given or induced by stressors, have
suppressive effects on the immune system response, potentially leading to
disease.
How stress affects organisms on a cellular or whole-animal basis as well
as how it correlates with infection of fish by diseases has been well catalogued.
For example, handling and low-water stress can augment the susceptibility of
channel catfish to Ichthyophthirius multifiliis and Edwardsiella ictaluri (Davis et al.
2002; Small and Bilodeau 2005). Furthermore, stressors are not mutually
exclusive; i. e. heterogeneous stressors can happen concurrently and evoke
additional responses of the HPI axis. For instance, jundiá Rhamdia quelen
exhibited a secondary acute stress response after being chronically stressed, via
daily handling for 20 d followed by dip netting (Barcellos et al. 2006). Similarly,
largemouth bass Micropterus salmoides responded to the combination of net
confinement and poor water quality with a higher stress response compared to
either stressor alone, demonstrating an additive nature of some stressors
(Carmichael et al. 1984a).
Because augmented stress responses in fish can lead to a higher risk of
infection, industry and research personnel have attempted to alleviate stress
caused by practices such as handling and transportation by using anesthetics as
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preventative and mitigative measures (Carmichael et al. 1984b; Bosworth et al.
2007), as well as through selective breeding of fish lines that are resilient to
disease or resistant to stress. For example, Camp et al. (2000) reported that
different families of channel catfish had diverse immunological results when
challenged with E. ictaluri—with more resistant families showing an increase in
macrophage numbers and T-cell counts when challenged with the disease—
relative to susceptible families. Additionally, modulation of the plasma cortisol
response to a confinement stressor was maintained in rainbow trout after a three
generation selective breeding study, with low-cortisol-response progeny
sustaining significant correlations to their low-responding parental groups
(Pottinger and Carrick 1999).
The mandatory withdrawal periods required of anesthetics before
harvesting limits their use in fishery production. Additionally, the advantages that
selective breeding have are an ongoing effort, and can take several generations
of breeding to achieve desired results. Thus, although chronic stress is
immunosuppressive, attempts to condition or modulate the cortisol stress
response in fish have been made based on the observation that acute stress
may be adaptive on a short-term basis and enhance survival (Pickering 1993;
Demers and Bayne 1997). For example, Chinook salmon Oncorhynchus
tshawytscha that were repetitively low-water stressed with positive food
reinforcement became habituated to stress. Thus, their physiological response to
transportation was tempered, and survival increased both during transportation
and when exposed subsequently to Aeromonas salmonicida compared to

19

controls (Schreck et al. 1995). Additionally, Booth and Peterson (2009) reported
channel catfish fry reared in areas of a hatchery subjected to frequent human
activity had significantly lower mortality in an experimental challenge with E.
ictaluri than did fry reared in areas subjected to fewer disturbances. Booth and
Peterson (2009) also found that channel catfish fry could be conditioned to the
physical stress of regular exercise and that whole body cortisol levels were
similar to undisturbed controls by day seven. Once moved from the hatchery into
ponds, conditioned fry grew 23% heavier than unconditioned controls.
Conditioning channel catfish fingerlings to stress might therefore reduce
susceptibility to disease and increase growth, which would bring considerable
benefits to fishery production.
The objectives of this study were to first, evaluate whether or not repetitive
low-water stress can modulate (condition) the cortisol response of channel
catfish fingerlings, and second, to see if conditioned channel catfish fingerlings
have increased survival compared to controls when challenged with E. ictaluri,
the causative agent of enteric septicemia in catfish (ESC) and a significant cause
of economic loss in the catfish industry.
Materials and Methods
Fish
Channel catfish fingerlings from pooled industry spawns were reared at
the USDA Catfish Genetics Research Unit, Stoneville, MS. Fingerlings were
grown to an average of 2 g in fall 2010 and 4 g in fall 2011 and then transported
to The University of Memphis, Memphis, TN where they were stocked into
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holding tanks in recirculating systems. Approximately 1 month later, 1,100
fingerlings were stocked into five individual recirculating systems I, J, K, L, and M
with four 22 gal (83.38 L) tanks per system in fall 2010 (Figure 3.1); in fall 2011,
1,280 fingerlings were stocked into three individual recirculating systems J, L,
and M with four 22 gal (83.38 L) tanks per system (Figure 3.2). A total of 75 or
80 fish were stocked per tank in fall 2010 and 2011, respectively. For both years,
length, weight, and condition factor (Moyle and Cech 2004) were determined
separately on the first twenty fingerlings stocked into each tank, which were then
assigned to five different treatment groups (A, B, C, D, and E) in fall 2010
(Figures 3.1; 3.3) and to four different treatment groups (A, B, C, and D) in 2011
(Figures 3.2; 3.4). Mean ± SE weight, length, and condition for the first twenty
channel catfish stocked per tank were as follows: in fall 2010, 12.07 ± 0.18 g,
11.37 ± 0.06 cm, and K = 0.80 ± 0.003; in fall 2011, 6.72 ± 0.11 g, 9.43 ± 0.05
cm, and K = 0.77 ± 0.005. The remainder of the fish stocked into each tank was
weighed together as a group, and total weight per tank (mean ± SE) was
determined to be 900.63 ± 10.63 g in fall 2010 and 550.43 ± 3.09 g in fall 2011.
For both years, a one way ANOVA [F4 = 0.23, P = 0.92, α = 0.05 (fall 2010); F3 =
2.40, P = 0.07, α = 0.05 (fall 2011)] determined that the individual conditions of
the first twenty fish stocked into each tank were not different among treatment
groups prior to the start of the experiment. Additionally, for both years, a one way
ANOVA [F4 = 0.42, P = 0.79, α = 0.05 (fall 2010); F3 = 0.79, P = 0.53, α = 0.05
(fall 2011)] demonstrated no initial differences in the combined total weight of
fingerlings among treatment groups. Fish were fed 1/16th inch (~0.16 cm)
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floating catfish pellet food (Rangen Inc., Buhl, ID; EXTR 450) once or twice daily
to satiation before experiments began and once daily to satiation thereafter
(never at the same time of conditioning, i. e. no positive conditioning was done).
Fish were fasted approximately 24 hours prior to stocking, sampling, or transfer
from tanks used for the conditioning study to tanks used for the disease
challenge. Satisfactory water quality was maintained as detailed by Boyd (1979).
Fish were acclimated at least 1 week subsequent to transfer.
Anesthetics
Metomidate hydrochloride and tricaine methanesulphonate were acquired
from Becton, Dickinson and Company (Sparks, MD). Prior to blood sampling,
fish were anesthetized with 12.5 ppm metomidate and reached stage three
sedation as defined by Small (2003) in less than 90 s. Subsequent to sampling
blood, fish were euthanized in a water bath containing a killing dose of MS-222.
Conditioning Study and Disease Challenge
Disturbance (conditioning) study.—
During the 6 week conditioning study, three treatment groups (A, B, and
C) of 240 (fall 2011) or 300 (fall 2010) fish each were distributed among
recirculating systems and acutely stressed by repetitively lowering the water level
to 2 in of depth for 15 min every other day, for either 3 or 6 weeks, (Figures 3.3;
3.4). A fourth group (D) of 240 (fall 2011) or 300 (fall 2010) fingerlings—also
distributed among the systems—was used as a control and was only disturbed
when fed. In fall 2010, after the 6 week disturbance period, fish were acclimated
1 week and then disturbed for an additional week prior to the disease challenge
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inoculation, to see whether or not the cortisol response retained the capability of
modulation after a 1 week "rest". Furthermore, in fall 2010, a fifth group (E) of
300 fingerlings was used as an additional, isolated control in a separate
recirculation system and disturbed only during feeding to compare with control
fingerlings within the experimental systems.
Disease challenge inoculation.—
Prior to the inoculation, E. ictaluri (USDA P2-S97) was grown to log phase
in brain-heart infusion broth (Becton, Dickinson and company, Sparks, MD).
Subsequently, 15% sterile glycerol was added to the culture, which was then
aliquoted into 1 mL cryogenic tubes and stored at -80◦C until used.
Fish from the conditioning study were subjected to a bacterial challenge
modified from Wolters and Johnson (1994) with approximately 1 x 106 CFU/mL
(colony forming units/mL) final concentration of virulent E. ictaluri. The challenge
was performed in triplicate with an additional negative control per treatment
group. The protocol used is as follows: in fall 2010, fish were transferred from
their individual treatment tanks via dip nets into separate 5 gal buckets containing
14 L of aerated tank water (Figure 3.5A); in fall 2011, that process was repeated
with one change, i. e. 12 fish from each of the 3 tanks per treatment group were
pooled together as negative controls (Figure 3.5B). Twenty-five mLs of E. ictaluri
was then pipetted into each bucket, excluding buckets which contained negative
controls for a treatment group. The fingerlings were kept in the aerated buckets
for 30 min in fall 2010 and for 1 h in fall 2011, and then the fingerlings in each
bucket were poured back into their respective tanks—with fish pooled as
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negative controls (fall 2011) poured into 4 separate tanks in a separate
recirculating system (see I, Figure 3.5B). Mortalities were tallied from each tank
over the next 28 d, and overall percent mortality was calculated for each
treatment group.
Sampling Protocol
Heparinized microcapillary tubes were used to obtain blood from the
caudal peduncle of five fish per tank in fall 2010 and six fish per tank in fall 2011,
for a total of 20 fish per treatment group in fall 2010 and 18 fish per treatment
group in fall 2011, respectively. Blood samples were taken at 0 d, 22 d, and 42 d
of the conditioning study, as well as just prior to the disease challenge (Figure
3.3); in fall 2011, baseline samples were taken prior to the conditioning study and
the disease challenge, and an additional sample was taken after inoculation of
the bacteria (Figure 3.4). On sampling days fish were, according to their
treatment groups, either stressed or undisturbed immediately before samples
were taken (Figures 3.3; 3.4). Subsequent to sampling, each microcapillary tube
containing blood was centrifuged, and the plasma from each fish was transferred
to plastic microfuge tubes and frozen until cortisol analysis.
Measured Parameters
Length, weight, and condition (Moyle and Cech 2004) were determined on
each fish sampled; cortisol and hematocrits (in 2011) were determined on each
blood sample.
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Cortisol Analyses
Frozen plasma samples were transported from the University of Memphis,
Memphis, TN, to the Catfish Genetics Research Unit, Stoneville, MS, where
cortisol analyses were performed. Plasma cortisol concentrations were
determined by radioimmunoassay following the procedure of Davis et al. (2002).
Statistical Analyses
All analyses were performed using the PASW software system version 18
(IBM corporation, Armark, NY, USA). All graphs were made using Sigmaplot
version 12.0 (Systat Software incorporated, San Jose, CA, USA).
Conditioning analysis, cortisol response.—
A two-way ANOVA was used to determine differences in the cortisol
response among treatment groups from the effects of being conditioned, using
average treatment group plasma cortisol concentrations (ng/mL) as an indicator
of stress levels. Levene’s test of homogeneity found the variances in the cortisol
response among groups to be heterogeneous [F19,365 = 12.33, P < 0.0001 (2010);
F23,313 = 6.95, P < 0.0001 (2011)]; therefore, Dunnett’s T3 pairwise test was used
to identify significant differences at the 5% level comparing treatment groups at
different sampling periods and across time for each treatment group.
Conditioning analysis, condition (K) and hematocrit (Hct).—
In order to ascertain the effects of fingerlings being disturbed, two-way
ANOVAs were used to compare condition (K) or hematocrits (Hct) among
fingerlings in different treatment groups, using average K of fish in each
treatment group as an indicator of general robustness of fingerlings (Moyle and
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Cech 2004), and blood Hcts (2011 only) as an additional health factor. Levene's
test of homogeneity [F19, 375 = 1.11, P = 0.44 (K, 2010); F23, 326 = 1.54; P = 0.06
(K, 2011); and F23, 324 = 1.53, P = 0.06 (Hct, 2011)] was used to ensure that
variances among treatment groups were equivalent, and Tukey-Kramer's
pairwise tests were used to identify significant differences at the 5% level
comparing treatment groups at different sampling periods and across time for
each treatment group.
Results
Conditioning Study
Cortisol response.—
For both years, the cortisol response among fingerlings in each treatment
group was highest on the first day in which that treatment group was disturbed,
and the response of the fingerlings being disturbed decreased over the 3 or 6
week conditioning period (Figures 3.6 and 3.7). In fall 2010, both the isolated
control (E), and the control group (D) that was distributed among the same
recirculating systems as disturbed fingerlings, maintained similar cortisol
responses throughout the conditioning experiment; subsequently, no isolated
control group was maintained in fall 2011. In both years, the control group(s) of
fingerlings, which were not disturbed at any time during the conditioning period,
maintained similar cortisol levels throughout the conditioning experiment. In
2010, all conditioned (disturbed) fingerlings, regardless of treatment group and
whether the fingerlings were stressed for 3 or 6 weeks, had a diminished cortisol
response with respect to the response of the fingerlings on the first day of
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disturbance (Figure 3.6). Furthermore, this lessened response was still observed
following only 4 d of disturbance after a 1 week "rest” (Figure 3.6). Similarly, in
fall 2011, both treatment groups B (stressed all 6 weeks) and C (stressed last
three weeks) had a lessened cortisol response by the end of 3 weeks of
conditioning compared to the first day of disturbance, and in the case of group B
(stressed all 6 weeks) those lowered cortisol levels were maintained for the
remaining 3 weeks of conditioning (Figure 3.7). Fish in group A (disturbed first 3
weeks) also displayed a heightened cortisol response on the first day in which
they were disturbed compared to baselines in 2011, although the heightened
response was not significant (P > 0.05). However, the baselines from fingerlings
in group A taken before the disease challenge inoculation were significantly lower
than the response on the first day of disturbance (Figure 3.7).
In 2011, regardless of treatment group, the cortisol response of the
fingerlings that had been conditioned to low-water stress was not significantly
different when subjected to a different type of stress, i.e. inoculated with E.
ictaluri, than the cortisol responses from the first day in which the water was
lowered to disturb the fish (Figure 3.7). However, the control group (D), which
maintained baseline levels throughout the 6 week conditioning experiment,
exhibited a significantly higher cortisol response compared to all treatment
groups (A,B, and C) when subjected to the same disease inoculation (Figure
3.7).
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Condition (K) of fingerlings.—
In fall 2010, condition (K) of fingerlings in all treatment groups was not
significantly different (F4 = 2.41, P = 0.05) from one another or from controls.
Moreover, condition of fingerlings in all treatment groups, as well as in both
controls, increased significantly (F3 = 15.25, P < 0.0001) throughout the study
period. Contradictorily, in fall 2011, condition (K) of fingerlings among different
treatment groups and controls was significantly different (F3 = 4.00, P = 0.008),
although differences seemed to be random among the groups, with no easily
observable trends (Table 3.1).
Hematocrits (Hct) of fingerlings (fall 2011).—
Blood Hcts of fingerlings among all treatment groups (including
undisturbed control fingerlings) showed a similar pattern over the conditioning
period: i.e. both baselines taken before the start of the conditioning period and
baselines taken before the disease challenge inoculation were significantly lower
[24.17 ± 0.73 and 25.38 ± 1.48 (mean ± SE); P < 0.05] than Hcts at all other
sampling periods (Figure 3.8) and slightly lower than normal Hct values for
channel catfish (Wedemeyer et al. 1990). However, all treatment groups also
saw an increase in Hcts to normal ranges (32.1 ± 4.1, from Wedemeyer et al.
1990) during the conditioning period—whether or not the group was being
disturbed—as well as during the sampling period directly after the disease
challenge inoculation (Figure 3.8). Hcts of all treatment groups were significantly
different across time periods, but the differences had no clear patterns (Table
3.2).
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Disease Challenge
In fall 2010, a total of 13 fish died across all treatment groups, and no
trend was identified (Table 3.3). Maximum mortality observed among treatment
groups was 3.0%, and overall mortality was 2.0%. Only 1 fish—from (D)
control—died during the 28 d challenge in 2011; therefore, overall percent
mortality was not calculated for that year. Despite low mortalities, fish that died
displayed characteristic symptoms (see Figure 3.9 for pictures) of E. ictaluri
infection and enteric septicemia (ESC): i.e. yellowish, bloated abdomen; yellow
or bloody ascites; swollen spleen and liver; exophthalmia–“pop-eye”; petechial
hemorrhaging and reddish ulcers on skin; a red and white cranial lesion at the
cranial foramen– “hole-in-the-head”; and whirling or hanging head-up, tail-down
in the water column before death (Hawke et al. 1998). Furthermore, fish in all
disease challenged systems (see Figure 3.5) seemed lack-luster and ate less
mid-way through the challenge compared to negative controls. However,
consistent patterns among treatment groups were hard to determine, as behavior
varied daily among tanks.
Discussion
Conditioning Study
In fall 2010, the similarity of cortisol levels of both control groups indicated
that undisturbed fingerlings distributed within the same systems in which
fingerlings were being disturbed were not stressed. Consequently, no isolated
control group was maintained in fall 2011. The reduction in the cortisol response
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by fish repeatedly subjected to low water stress indicated fish were conditioned
to the stressor, which agrees with findings by Booth and Peterson (2009) and
Schreck et. al (1995), that fish have the ability to be conditioned to stress. A
behavioral response that seemingly corroborates the cortisol response was
anecdotally observed. Fingerlings initially subjected to the low-water stress
crowded together and swam over each other. However, by three weeks of
conditioning, fingerlings seemed undisturbed by the low-water stressor,
maintaining an equal disbursement throughout their environment, even when the
water was lowest (about 2 in). Conditioning of fingerlings in 2010 was effective
for at least 1 week, as demonstrated by their diminished cortisol response after a
1 week period of “rest” (Figure 3.6). However, when the fingerlings were
subjected to a different type—i.e. disease challenge inoculation—of stressor in
fall 2011, their cortisol responses failed to be modulated in comparison to their
response on the first day that they were disturbed, agreeing with previous
findings (Carmichael et al. 1984a; Barcellos 2006) that stressors are additive in
nature. Most paramount to this study, however, is the observation that even
though previously conditioned fish responded to a second type of stressor,
conditioned fingerlings did have a significantly lower cortisol response to the
disease challenge inoculation compared to the unconditioned controls (Figure
3.7). Perhaps a more rigorous disease challenge would have resulted in
differences in mortalities among the groups based on the cortisol response in the
fish that were conditioned. More research must be done, however, before any
conclusive statements can be made.
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Conditioning of channel catfish had no apparent effect on condition factor
or hematocrit. Frequent disturbances did not seem to adversely affect the wellbeing of channel catfish.
Although mortalities overall were low, fingerlings that did become ill or
died exhibited symptoms of ESC (see Figure 3.9 and Hawke et al. 1998).
Furthermore, in both years, no fingerlings in the negative control system seemed
to become sick, and no mortalities occurred (Table 3.3). In the present study, the
challenge with E. ictaluri failed to demonstrate differences in resistance among
previously conditioned fingerlings and unconditioned controls. The maximum
mortality per treatment group of 3.0% was much lower than typical mortality
ranges (60–80%) observed using the same protocol (Wolters and Johnson 1994;
N. J. Booth, unpublished). However, the suppression of the cortisol response in
the conditioned fish would suggest they might not be as susceptible to disease
as controls. This observation indicates a possible advantage in conditioning fish
to an acute low-water stress, although differential susceptibility was not
demonstrated.
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Chapter 4—Conclusion
The overall aims of this thesis were to determine whether or not the
cortisol stress response of channel catfish Ictalurus punctatus fingerlings could
be modulated or conditioned to a repetitive, acute, low-water stress, and to
establish whether or not a conditioned stress response increased resistance of
the fingerlings to Edwardsiella ictaluri. The author of this thesis was the primary
contributor to all stages of research associated with this thesis, and will be the
primary author of any co-authored article that is published from chapters, in part
or in whole, from this thesis.
In Chapter two, the efficacy of metomidate hydrochloride and MS-222 as
anesthetics in modulating the cortisol response of channel catfish I. punctatus
during a 10 min confinement stress was evaluated. It was hypothesized that
metomidate would modulate the cortisol response, based on previous research
(Olsen et al. 1995; Small 2003). Results indicated this assumption was correct
as metomidate rapidly and immediately inhibited the cortisol response throughout
the 10 min confinement stress. An intermediate response in fish anesthetized in
MS-222 indicated that previous samples taken during the first 5 min using MS222 are valid. Chapter two concluded that MS-222 is an efficacious anesthetic to
use during the first 5 min of sedation, and that metomidate should be used for
studies of longer duration.
In chapter three, channel catfish fingerlings were repetitively subjected to
low-water stress to determine if conditioning could occur and to evaluate if
previously conditioned fingerlings were more resistant to ESC compared to un-
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conditioned controls. The hypothesis was: previously conditioned fingerlings
would have a lessened cortisol response to the disease challenge inoculation,
and overall mortality in previously conditioned fish would be lower compared to
unconditioned controls.
Although fingerlings are able to be conditioned over time and to maintain a
conditioned response for 1 week to a low-water stressor, it does not provide
acclimation when subjected to a different type of stress. That is, fingerlings in all
treatment groups responded additionally to the disease challenge inoculation,
whether or not they had been previously conditioned. This finding agrees with
previous research, and concludes that fish may respond additionally and
separately to a secondary stress, subsequent to a primary, acute stress
(Barcellos et al. 2006). However, cortisol responses in all treatment groups (A B,
and C) that were previously conditioned to the low-water stressor had
significantly lessened (P < 0.05) stress responses than controls, when subjected
to the inoculation. Thus, although the disease challenge failed to distinguish
differential results between conditioned and unconditioned fingerlings, differential
results may have been found, had the disease challenge been more austere.
Future directions in this field would include designing a more severe
disease challenge, perhaps by altering methods of infection or increasing the
number of replicates, as immersion challenges with E. ictaluri have been noted to
have a wide degree of variability (Wise et al.1993; Ciembor et al. 1995). Further,
the length of time of the conditioned response of fingerlings needs to be
evaluated. Finally, should future endeavors in the lab determine that pre-
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conditioned fish are more resistant to infection by E. ictaluri, it would then be
necessary to expand the concept to pond studies, to see if the benefits are
maintained.
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Appendix A—Figure and Table for Chapter 2
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FIGURE 2.1—Plasma cortisol concentrations (mean ± SE) during 10 min
sampling period of channel catfish anesthetized in 12.5 ppm metomidate, 100
ppm MS-222, or non-anesthetized controls. P-values generated by two-way
ANOVA are provided. Within a given sampling time period, treatments with
different letters are significantly different. Error bars denote SE. For comparison,
select parts of Small’s figure (2003) have been aligned beside the data to show
similarities, with an asterisk showing the significant difference found in his study.
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TABLE 2.1—Significant differences from baselines taken at 0 min observed in
plasma cortisol concentrations across a 10 min sampling period for nonanesthetized controls and fish anesthetized in 100 ppm MS-222. The cortisol
response of fish anesthetized in 12.5 ppm metomidate was not significantly
different (ANOVA: F10 = 1.04, P = 0.44) from baselines at any point during the
sampling period, therefore, those results are not reported. (Significant
differences at the 5% level are marked with asterisks.)
Sampling Period (min)
compared to baseline
(minute 0)

100 ppm MS-222

Non-anesthetized control

Over entire sampling
period

F10 = 6.15, P < 0.0001

F10 = 5.68, P < 0.0001

1

P = 1.00

P = 1.00

2

P = 1.00

P = 1.00

3

P = 1.00

P = 1.00

4

P = 1.00

P = 1.00

5

P = 0.12

P = 1.00

6

P = 0.02*

P = 0.10

7

P = 0.16

P = 0.02*

8

P = 1.00

P = 0.04*

9

P = 1.00

P = 0.001*

10

P = 0.003*

P = 0.18
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Appendix B—Figures
Figures and Tables for Chapter 3

Layout and p
placement of different treatment groups among the five
FIGURE 3.1—Layout
research systems for fall 2010
2010.. Refer to text or Figure 3 for a detailed description
of differences among treatment groups (A, B, C, D, and E).

FIGURE 3.2—Layout
Layout and p
placement of different treatment groups among the
three research systems for fall 2011
2011.. Refer to text or Figure 4 for a detailed
description of differences among treatment groups (A, B, C, and D).
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FIGURE 3.3.—Treatment and sampling intervals for fish conditioned to
disturbance in fall 2010. Arrows indicate when blood samples were taken.
Asterisks indicate which groups were disturbed during the 1 week, second
conditioning period.

FIGURE 3.4—Treatment and sampling intervals for fish conditioned to
disturbance in fall 2011. Arrows indicate when blood samples were taken.
Baseline samples were taken before the conditioning experiment began as well
as before the disease challenge inoculation.
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(A)

(B)
FIGURE 3.5— Layout and placement of different treatment groups during the
inoculation and challenge with E. ictaluri for fall 2010 (A) and fall 2011 (B). For
both years, solid, blue arrows indicate which 5 gallon bucket the fingerlings were
placed in for inoculation, and asterisks indicate which recirculating system was
used for negative controls. In fall 2010 (A), the white, outlined arrow indicates
that 1 tank of fish was moved from system M to system J, to serve as a negative
control for that treatment group. In fall 2011 (B), the red, dashed arrows indicate
that 12 fingerlings from each treatment group tank were pooled together and
placed in a separate system, to serve as negative controls. Refer to Figures 3
(2010) and 4 (2011) for a detailed description of treatment groups.
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Figure 3.6—Average fall 2010 plasma cortisol concentrations (ng/mL) of channel
catfish I. punctatus fingerlings in response to being subjected to a low-water
disturbance for 3 or 6 weeks, and then allowed to rest for 1 week before being
subjected to the same low-water stress for 1 more week. P-values generated by
two-way ANOVA are provided. Within a given sampling time period, treatments
with different letters are significantly different. Error bars denote SE. Asterisks
denote the first time each treatment group was stressed, and plus signs indicate
which treatment groups were stressed during the second conditioning period.
The dotted line represents the one week "rest" period between the two separate
conditioning periods.
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FIGURE 3.7—Average fall 2011 plasma cortisol concentrations (ng/mL) of
channel catfish I. punctatus fingerlings in response to being subjected to a lowwater disturbance for 3 or 6 weeks, and then allowed to rest for 1 week before
being subjected to a different type of stress: a disease challenge inoculation. Pvalues generated by two-way ANOVA are provided. Within a given sampling
time period, treatments with different letters are significantly different. Error bars
denote SE. Asterisks denote the first time each treatment group was stressed.
The dotted line represents the one week "rest" period between the conditioning
period and the disease challenge (DC) inoculation.
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Figure 3.8— Average fall 2011 hematocrits (%) of channel catfish I. punctatus
fingerlings in response to being subjected to a low-water disturbance for 3 or 6
weeks, and then allowed to rest for 1 week before being subjected to a different
type of stress: a disease challenge inoculation. P-values generated by two-way
ANOVA are provided. Within a given sampling time period, treatments with
different letters are significantly different. Error bars denote SE. The dotted line
represents the one week "rest" period between the conditioning period and the
disease challenge (DC) inoculation. Groups A and B were first stressed on d 1.
Group C was first stressed on d 22. Group D was not stressed until the disease
challenge (DC) inoculation.
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Figure 3.9—Examples
Examples of fingerlings that died during fall 2010 disease challenge
showing characteristic signs of E. ictaluri infection and enteric septicemia of
catfish (ESC): (A) petechial hemorrhaging and reddish ulcer
ulcers
s on skin;
skin (B)
yellowish, bloated abdomen and exophthalmia— “pop-eye”; (C) yellow or bloody
ascites; (D) swollen spleen and liver; (E and F) a red and white cranial lesion at
the cranial foramen— “hole
“hole-in-the-head”
head” and whirling or hanging head-up,
head
taildown in the water column before death.
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TABLE 3.1—Average fall 2011 condition (K) of channel catfish I. punctatus
fingerlings in response to being subjected to a low-water disturbance for 3 or 6
weeks, and then allowed to rest for 1 week before being subjected to a different
type of stress: a disease challenge inoculation. Initial K mean ± SE (0.79 ±
0.004; n = 20) of fingerlings was equivalent across all treatment groups (ANOVA:
F3 = 4.00, P = 0.008). (A) P- values generated by two-way ANOVA are provided.
(B) Within a given row, K values (mean ± SE) followed by common letters are not
significantly different (Tukey-Kramer; α = 0.05; P < 0.05) among treatment
groups. Asterisks denote the first time each treatment group was stressed, and
1-way ANOVA results for simple main effects across sampling dates are given.
(A) ANOVA
Treatment
Date
Trt x Date
(B)

F
4.00
2.32
2.16

df
3
5
15

P
0.008
0.04
0.008
Treatment Groups
(A)
Disturbed
first 3
weeks

(B)
Disturbed
all 6 weeks

(C)
Disturbed
last 3
weeks

(D)
Undisturbed
control

Sampling
Date

P - value
for 1-way
ANOVA

K ± SE

K ± SE

K ± SE

K ± SE

Initial BLa
09/20/2011

0.66

0.76 ± 0.01
z

0.75 ± 0.01
z

0.75 ± 0.01
z

0.77 ± 0.01
z

Day 1
09/22/2011

0.18

0.75 ± 0.01
z*

0.77 ± 0.01
z*

0.79 ± 0.01
z

0.78 ± 0.01
z

Day 22
10/14/2011

0.003

0.73 ± 0.01
xz

0.78 ± 0.01
wxy

0.76 ± 0.01
wxyz*

0.79 ± 0.01
wxy

Day 42
11/03/2011

0.45

0.77 ± 0.01
z

0.75 ± 0.01
z

0.75 ± 0.01
z

0.76 ± 0.02
Z

BLa taken
before DCIb
11/10/2011

0.009

0.74 ± 0.01
wxz

0.80 ± 0.02
wy

0.73 ± 0.01
wxz

0.77 ± 0.02
wxyz

DCIb
11/10/2011

0.02

0.76 ± 0.01
wxyz

0.74 ± 0.01
wxyz

0.71 ± 0.01
xy

0.76 ± 0.01
wyz*

a

Baselines; b Disease challenge inoculation
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Table 3.2—Average fall 2011 hematocrits (Hct) of channel catfish I. punctatus
fingerlings in response to being subjected to a low-water disturbance for 3 or 6
weeks, and then allowed to rest for 1 week before being subjected to a different
type of stress: a disease challenge inoculation. P- values generated by two-way
ANOVA are found in Figure 8 and detailed descriptions of treatment groups are
found in Figure 4. One-way ANOVA results for simple main effects for treatment
groups across sampling dates were all less than 0.0001 (P). Within a given row,
Hct (%) mean ± SE followed by common letters are not significantly different
(Tukey-Kramer; α = 0.05; P < 0.05) among treatment groups. Asterisks denote
the first time each treatment group was stressed.
(%) Hct ± SE for each Sampling Date for fall 2011
Initial BLa
9/20

Day 1
9/22

Day 22
10/14

Day 42
11/03

BLa taken
before DCIb
11/10

DCIb
11/10

(A)
Disturbed first 3
weeks

24.54 ±
0.75
z

32.50 ±
0.64
y*

32.75 ±
0.69
y

32.28 ±
1.11
y

24.13 ± 1.53
z

30.64 ±
1.29
y

(B)
Disturbed all 6
weeks

27.58 ±
0.60
vxz

31.39 ±
1.06
uvxy*

30.64 ±
0.58
uvxyz

34.75 ±
0.87
uw

27.00 ± 1.97
uvxyz

31.53 ±
0.82
uvwxy

(C)
Disturbed last 3
weeks

24.42 ±
0.73
wz

30.69 ±
0.63
vy

34.66 ±
1.02
x*

35.56 ±
0.67
x

25.38 ± 1.48
vwz

30.03 ±
0.74
vwy

(D)
Undisturbed
control

22.96 ±
0.72
vz

31.39 ±
0.79
uwxy

28.89 ±
01.27
xy

33.50 ±
0.94
uwy

23.13 ± 66
vxz

34.22 ±
0.80
uwy

Treatment
Groups

a

Baselines; b Disease challenge inoculation

48

Table 3.3—Total number of mortalities from each tank over the 28 d disease
challenge with E. ictaluri during fall 2010. Overall percent mortality for each
treatment group is also displayed. Refer to Figure 3 for a detailed description of
differences among treatment groups and to Figure 5A to see exact tank
placement among systems. System J held the negative controls, marked with
asterisks, and was not included in the calculation for overall mortality. NA means
“not applicable”, i.e. there were no tanks for that treatment group in that system.
Total Number of Mortalities from Each
Tank
Overall
Mortality
(n ÷
165)*100

System
I

System
J
***

System K

System L

System M

(A) Disturbed
first 3 weeks

3

0

1

0

NA

1.8%

(B) Disturbed all
6 weeks

1

0

1

2

NA

1.8%

(C) Disturbed
last 3 weeks

0

0

0

0

NA

0%

(D) Control

2

0

3

0

NA

3.0%

(E) Isolated
control

NA

0

NA

NA

0

0%

Treatment Group
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Appendix C—IACUC Protocol Action Form #0694
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Appendix D—AFS e-mail stating approval to publish online, open access, in the
University of Memphis ETD
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